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Reg. No. 20,430 

11011 Bermuda Dunes NE 

Albuquerque, New Mexico 871 1 1 

Phone (505) 323-0771 
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Patent claims: 

8. An electrically operated fuel metering pump of a heating equipment 
comprising a control equipment for a drive of the fuel metering pump and if 
necessary of the heating equipment, 

wherein 

hydraulic/pneumatic states (Z) and parameters (F, N) of a fuel medium are 
detected in a signal detector by electrical behavior of the fuel metering 
pump, and are evaluated in the control equipment for control of the metering 
pump and if necessary of the heating equipment. 

9. The fuel metering pump according to claim 8, wherein the heating 
equipment comprises water heating equipment in the form of booster heater 
or standstill heater of a motor vehicle. 

10. The fuel metering pump according to claim 8, wherein the heating 
equipment comprises at least one of a fan motor and an ignition device. 

1 1 . The fuel metering pump according to claim 8, wherein the drive for the fuel 
metering pump includes an electric motor or an electromagnetic coil with an 
armature and pump piston as a medium forwarder, and electrical behavior is 
detected as of a characteristic course of a motor signal or coil current signal. 

12. The fuel metering pump according to claim 11, wherein the characteristic 
course of the signal is distinguished by a characteristic slope of at least one 
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of a rising flank (F) and a characteristic level or plateau associated with at 
least one of a solid or liquid pumping medium and viscosity of a pumping 
medium. 

13. The fuel metering pump according to claim 12, wherein a set of medium 
parameters (K) is laid down in the control equipment. 

14. The fuel metering pump according to claim 13, wherein the set of medium 
parameters (K) includes a set of temperature slope parameters. 

15. The fuel metering pump according to claim 4, wherein the set of medium 
parameters (K) is designed for at least one of diesel fuel and PME as the 
medium. 

16. A process for control of a heating equipment with an electrically operated 
fuel metering pump, particularly of a water heating equipment in a form of a 
booster heater or standstill heater of a motor vehicle, with a control 
equipment for a drive of the fuel metering pump and if necessary of the 
heating equipment, according to claim 8, 

comprising the steps of: 

detecting hydraulic/pneumatic states (Z) and parameters (F, N) of a fuel 
medium in a signal detector of the control equipment by electrical behavior 
of the fuel metering pump, and 
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evaluating the states and parameters in the control equipment, in which 
medium parameters (K) and heating equipment parameters (P), are laid 
down, for detection of the medium. 
17. The process according to claim 16, further comprising using the states and 
parameters of the fuel medium in the control equipment for at least one of 
adjustment or corrective drive of the fuel metering pump, a fan motor, an 
ignition device and parameters of the heating equipment. 



3 



O IBS! f=> S ir lf i S - u ± O «30 El: 



JCf8Rec'dPCT/PT0 2 0 JUN 2001 

[WO 00/37855 PCT/EP99/ 09950 ] 

"Version with Markings to show Changes Made 11 



TFuel Metering Pump of a Heating Equipment, Particularly 

Water or Air Heating Equipment of a Motor Vehicle, With Control Equipment ] 

Fuel Metering Pump of a Heating Equipment, Particularly Water or Air 
Heating Equipment of a Motor Vehicle, With Control Equipment 

Cross-References to Related Applications 

Not applicable. 

Statement Regarding Federally Sponsored Research or Development 
Not applicable. 

Background of the Invention 
[0001] The invention relates to an electrically operated fuel metering pump 
of a heating equipment, particularly a water heating equipment in the form of 
booster heating means or standstill heating means of a motor vehicle, with a 
control equipment for the metering pump drive and if necessary for the heating 
equipment, and also a process for the control of said heating equipment with an 
electrically operated fuel pump. 

Technical Background 
[0002] For the operation of independent heating equipments in a motor 
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vehicle, metering pumps are usually used for atmospheric vaporizer burners. 

[0003] For the reliable starting and operation of the heating equipment, all 
the components are as a rule monitored by the control equipment. The control 
equipment usually has a high performance microprocessor. The 
microprocessor monitors the components to be driven, such as glow plug, 
burner motor, sensors, and metering pump, for interruption and short-circuit. 
As a rule, most equipments have a rotation speed control or voltage control. 

[0004] Thus it can be assumed, with normally functional and correctly 
designed components, that all components fulfill their function for a reliable 
start and also heating operation. 

[0005] This means, in detail: 

[0006] The burner motor rotates, and thus combustion air is present; 

[0007] The glow pin has no short-circuit and no interruption. Thus an intact 

glow pin can be assumed. 
[0008] The fuel metering pump has no short-circuit and no interruption, and 

thus is in order electrically. 
[0009] However it cannot be known whether the metering pump also 

supplies fuel. This means that the hydraulic state is unknown. Thus in the case 

of a failure to start or a cessation of normal operation, no opinion is possible as 

2 
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to whether there was a lack of fuel or which medium is forwarded at the 
moment. 

Summary of the Invention 

[0010] The invention has as its object to provide an electrically operated fuel 
metering pump, together with control equipment, of the kind mentioned at the 
beginning, in which by means of simple and reliable measures (besides the 
electrical operation) a further monitoring and control takes place. 

[0011] The object of the invention is attained by an electrically operated fuel 
metering pump of a heating equipment or a standstill heater of a motor vehicle, 
comprising a control equipment for a drive of the fuel metering pump and if 
necessary of the heating equipment, wherein hydraulic/pneumatic states and 
parameters of a fuel medium are detected in a signal detector by electrical 
control equipment for control of the metering pump and if necessary of the 
heating equipment . 

[The subject of the invention is advantageously developed by the features of 
claims 2-7.] 

[0012] The invention is applied as an auxiliary or booster heater to provide 

additional heating when the diesel engine doesn't warm up enough to combat 
the outside cold, and an auxiliary heater that is used while the car is stationary. 
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to warm it up and make it comfortable before driving it. 
[0013] [The essence of the invention is that] [h] Hydraulic/pneumatic states 
and parameters of the fuel are detected in a signal detector by means of the 
electrical behavior of the fuel metering pump, and are evaluated in the control 
equipment for the control of the metering pump and/or of the heating equip- 
ment, particularly of the fan motor and/or the ignition device of the heating 
equipment. 

[0014] [Preferably] [t]The metering pump includes an electric motor as drive 
means or an electromagnetic coil with armature and pump piston as the 
medium forwarding means, the electrical behavior being detected in the form of 
a characteristic course of the motor or coil current signal. 

[0015] The course of the signal is in particular distinguished by a 

characteristic slope of the rising flank and/or a characteristic level or plateau, 
which is/are associated with a solid or liquid pumping medium and/or the 
viscosity of a pumping medium (gas/air, fuel, oil). 

[0016] For an evaluation of an actual current signal with respect to a 
pumping medium in the fuel metering pump, a significant set of medium 
parameters is laid down in the control equipment, and [preferably] includes a 
set of temperature slope parameters and is in particular designed for diesel fuel 
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and/or PME as the medium. 

[0017] A process according to the invention for the control of a heating 
equipment with a fuel metering pump thus in particular provides that 
hydraulic/pneumatic states and parameters of the fuel medium are detected in a 
signal detector of the control equipment by means of the electrical behavior of 
the fuel metering pump, particularly by means of the course of the current, and 
are evaluated in the control equipment, in which medium parameters and 
heating equipment parameters, particularly ignition parameters, are laid down, 
for [a] detection of the medium, and are in particular used for an adjustment or 
corrective drive of the metering pump and/or an adjustment or a corrective 
drive of the fan motor and/or an adjustment or corrective drive of the ignition 
device or adjustment of the ignition parameters of the heating equipment. 

[0018] The metering pump includes in particular a coil, which upon 
application of a voltage produces a magnetic field, which attracts the pump 
piston and thus initiates the forwarding stroke. Since there exists a density 
difference with a factor of about 700 between air and e.g. diesel fuel, this 
becomes apparent in the coil current, as has been found by tests with an 
oscilloscope. A typical course of the signal is formed when air is forwarded, 
and also a typical course of the signal when a liquid is forwarded. 
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[0019] It is thus possible to distinguish between the gas medium (air) and the 
liquid medium (fuel), by means of the characteristic course of the signal. 

[0020] It is furthermore possible to ascertain viscosity differences. Since the 
piston movement is strongly throttled in the case of liquids of high viscosity, 
the slope of the rising flank of the signal course, and also its level, are altered. 

[0021] Since the viscosity depends on the kind of medium (air, fuel, oil), and 
also on the temperature, it is possible to determine the medium at present being 
used by means of a set of temperature slope characteristics laid down in the 
control equipment. 

[0022] The evaluation of the slope change can take place similarly to, or the 
same as, a trend evaluation for flame detection. Since other preheater and 
stabilization times are applicable for diesel and PME (vegetable methyl ester, 
or "biodiesel") when starting the heating equipment, the control equipment 
parameters can be adjusted when, for example, the medium detection detects 
PME. 

[0023] In particular, an evaluation is possible when the viscosity of the 

media differs strongly at the same temperature. 
[0024] Thus it is basically possible to detect the hydraulic states and 

parameters by means of the electrical behavior (course of the current signal) of 



■o ^ e 6. Et «y «3 6, p. CB o<;p o is: 



[WO 00/37855 - 7 - PCT/EP99/ 09950 ] 

the metering pump. This makes possible different start routines, and also a 
differentiated fault detection (e.g., exceeding the safety time due to lack of fuel 
can be excluded), an accelerated forwarding by the metering pump when air is 
detected (e.g., when first putting into service), and also a differentiation 
between diesel and PME, and thus an adjustment of the ignition parameters. 
[0025] As a result, a heating operation of the heating equipment which is 
improved over the prior art, and in particular is more reliable, is thus possible 
by means of the invention. A single control equipment is sufficient for PME 
and diesel fuel. 

Brief Description of the Drawings 
[0026] The invention is described in detail hereinbelow using a circuit 
diagram showing the principle of a heating equipment in the form of an 
auxiliary heating equipment with metering pump and control equipment. 
[0027] According to the drawing, the motor vehicle heating equipment 1 
includes (among other things) a fuel metering pump 2, a fan motor 3, and an 
ignition device 4 which are driven in a known manner via a control equipment 
5 by means of control devices 7, 8 or 9. 
[0028] The fuel metering pump 2 has an electromagnet coil which is supplied 
with current 13 through the control device 7 of the control equipment 5, and on 
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the application of a voltage produces a magnetic field which attracts the pump 
piston and thus initiates the forwarding stroke. 
[0029] Here the invention is stated: 

[0030] The hydraulic/pneumatic state Z and parameters of the fuel medium 
are detected in a signal detector 6 by means of the electrical behavior of the 
fuel metering pump 2, and are evaluated in the control equipment 5 for a 
control, not only of the metering pump 2, but also of the whole heating 
equipment 1, in particular also of the fan motor 3 and of the ignition device 4. 

[0031] The electrical behavior is detected here in the form of a characteristic 
course of the signal of the coil current 13. 

[0032] The course of the signal is characterized, in particular, by a 
characteristic slope of the rising flank F and of the level N, which is/are 
associated with a solid or liquid pumping medium. 

[0033] If a liquid medium is present, the temperature T of the medium is 
determined in addition, and the viscosity of the pumping medium is also 
determined in an evaluation in the form of a bit pattern Ml, e.g. for diesel fuel 
or PME, using a set of medium parameters K laid down in the control equip- 
ment 5, with a temperature rise detection. 

[0034] The bit pattern Ml is then fed to the microprocessor 14 for an 

8 
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adjustment of the heating equipment parameter P in order to carry out driving 
1 0 of the metering pump 2 via the control device 7, driving 1 1 of the fan motor 
3 via the control device 8, and/or driving of the ignition device 4 via the 
control device 9. 

[0035] If the evaluation logic of the signal detector 6 finds GAS as the 
medium, and if in particular a gaseous medium such as AIR is present, the bit 
pattern M2 for gas or air is fed to the microprocessor 14 for driving the 
metering pump 2, the fan motor 3, and/or the ignition device 4, corresponding 
to the gas or the air, in order to initiate, e.g., an accelerated forwarding by the 
metering pump 2 when air is detected. 

[0036] [It should be remarked in addition that independently patentable 
features contained in the dependent claims are to have corresponding 
protection of their own, regardless of their formal relationship back to the main 
claim. In the remaining cases, all the inventive features contained in the whole 
application documents fall within the protective range of the invention]. 
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(57) Abstract 

The invention relates to an 
electric fuel dosing pump (2) of a 
heating dev ice ( 1 ), especially a wa- 
ter heating device in the form of 
a an auxiliary heater or an inde- 
pendent heating device of an au- 
tomobile, having a control device 
(5) for controlling the dosing pump 
and optionally the heating device. 
The invention is characterized in 
that hydraulic/pneumauc states (Z) 
and parameters (F, N) of the fuel 
medium are detected in a signal de- 
tector (6) by means of the electrical 
behavior of the fuel dosing pump 

(2) , especially the flow rate, and 
evaluated in said control device (5) 
for regulating the dosing pump (2) 
and optionally the heating device 
(1), especially also the fan motor 

(3) and the ignition device (4). 
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Fuel Metering Pump of a Heating Equipment Particularly 

Water or Air Heating Equipment of a Motor Vehicle, With Control 

Equipment 

The invention relates to an electrically operated fuel metering pump 
of a heating equipment, particularly a water heating equipment in the form 
of booster heating means or standstill heating means of a motor vehicle, 
with a control equipment for the metering pump drive and if necessary for 
the heating equipment, and also a process for the control of said heating 
equipment with an electrically operated fuel pump. 

For the operation of independent heating equipments in a motor 
vehicle, metering pumps are usually used for atmospheric vaporizer 
burners. 

For the reliable starting and operation of the heating equipment, all 
the components are as a rule monitored by the control equipment. The 
control equipment usually has a high performance microprocessor. The 
microprocessor monitors the components to be driven, such as glow plug, 
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burner motor, sensors, and metering pump, for interruption and short- 
circuit. As a rule, most equipments have a rotation speed control or 
voltage control. 

Thus it can be assumed, with normally functional and correctly 
designed components, that all components fulfill their function for a 
reliable start and also heating operation. 
This means, in detail: 

The burner motor rotates, and thus combustion air is present; 
The glow pin has no short-circuit and no interruption. Thus an 
intact glow pin can be assumed. 
The fuel metering pump has no short-circuit and no 
interruption, and thus is in order electrically. 
However it cannot be known whether the metering pump also 
supplies fuel. This means that the hydraulic state is unknown. Thus in the 
case of a failure to start or a cessation of normal operation, no opinion is 
possible as to whether there was a lack of fuel or which medium is 
forwarded at the moment. 

The invention has as its object to provide an electrically operated fuel 
metering pump, together with control equipment, of the kind mentioned at 
the beginning, in which by means of simple and reliable measures (besides 
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the electrical operation) a further monitoring and control takes place. 

The object of the invention is attained by the means given in claim 1. 

The subject of the invention is advantageously developed by the 
features of claims 2-7. 

The essence of the invention is that hydraulic/ pneumatic states and 
parameters of the fuel are detected in a signal detector by means of the 
electrical behavior of the fuel metering pump, and are evaluated in the 
control equipment for the control of the metering pump and/ or of the 
heating equipment, particularly of the fan motor and/ or the ignition 
device of the heating equipment. 

Preferably the metering pump includes an electric motor as drive 
means or an electromagnetic coil with armature and pump piston as the 
medium forwarding means, the electrical behavior being detected in the 
form of a characteristic course of the motor or coil current signal. 

The course of the signal is in particular distinguished by a 
characteristic slope of the rising flank and/ or a characteristic level or 
plateau, which is/ are associated with a solid or liquid pumping medium 
and/ or the viscosity of a pumping medium (gas/ air, fuel, oil). 

For an evaluation of an actual current signal with respect to a 
pumping medium in the fuel metering pump, a significant set of medium 
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parameters is laid down in the control equipment, and preferably includes 
a set of temperature slope parameters and is in particular designed for 
diesel fuel and/ or PME as the medium. 

A process according to the invention for the control of a heating 
equipment with a fuel metering pump thus in particular provides that 
hydraulic/ pneumatic states and parameters of the fuel medium are 
detected in a signal detector of the control equipment by means of the 
electrical behavior of the fuel metering pump, particularly by means of the 
course of the current, and are 

evaluated in the control equipment, in which medium parameters and 
heating equipment parameters, particularly ignition parameters, are laid 
down, for a detection of the medium, and are in particular used for an 
adjustment or corrective drive of the metering pump and/ or an adjustment 
or a corrective drive of the fan motor and/ or an adjustment or corrective 
drive of the ignition device or adjustment of the ignition parameters of the 
heating equipment. 

The metering pump includes in particular a coil which upon 
application of a voltage produces a magnetic field which attracts the pump 
piston and thus initiates the forwarding stroke. Since there exists a density 
difference with a factor of about 700 between air and e.g. diesel fuel, this 
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becomes apparent in the coil current, as has been found by tests with an 
oscilloscope. A typical course of the signal is formed when air is 
forwarded, and also a typical course of the signal when a liquid is 
forwarded. 

It is thus possible to distinguish between the gas medium (air) and 
the liquid medium (fuel), by means of the characteristic course of the 
signal. 

It is furthermore possible to ascertain viscosity differences. Since the 
piston movement is strongly throttled in the case of liquids of high 
viscosity, the slope of the rising flank of the signal course, and also its level, 
are altered. 

Since the viscosity depends on the kind of medium (air, fuel, oil), and 
also on the temperature, it is possible to determine the medium at present 
being used by means of a set of temperature slope characteristics laid 
down in the control equipment. 

The evaluation of the slope change can take place similarly to, or the 
same as, a trend evaluation for flame detection. Since other preheater and 
stabilization times are applicable for diesel and PME (vegetable methyl 
ester, or "biodiesel") when starting the heating equipment, the control 
equipment parameters can be adjusted when, for example, the medium 
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detection detects PME. 

In particular, an evaluation is possible when the viscosity of the 
media differs strongly at the same temperature. 

Thus it is basically possible to detect the hydraulic states and 
parameters by means of the electrical behavior (course of the current 
signal) of the metering pump. This makes possible different start routines, 
and also a differentiated fault detection (e.g., exceeding the safety time due 
to lack of fuel can be excluded), an accelerated forwarding by the metering 
pump when air is detected (e.g., when first putting into service), and also a 
differentiation between diesel and PME, and thus an adjustment of the 
ignition parameters. 

As a result, a heating operation of the heating equipment which is 
improved over the prior art, and in particular is more reliable, is thus 
possible by means of the invention. A single control equipment is 
sufficient for PME and diesel fuel. 

The invention is described in detail hereinbelow using a circuit 
diagram showing the principle of a heating equipment in the form of an 
auxiliary heating equipment with metering pump and control equipment. 

According to the drawing, the motor vehicle heating equipment 1 
includes (among other things) a fuel metering pump 2, a fan motor 3, and 
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an ignition device 4 which are driven in a known manner via a control 
equipment 5 by means of control devices 7, 8 or 9. 

The fuel metering pump 2 has an electromagnet coil which is 
supplied with current 13 through the control device 7 of the control 
equipment 5, and on the application of a voltage produces a magnetic field 
which attracts the pump piston and thus initiates the forwarding stroke. 

Here the invention is stated: 

The hydraulic/ pneumatic state Z and parameters of the fuel medium 
are detected in a signal detector 6 by means of the electrical behavior of the 
fuel metering pump 2, and are evaluated in the control equipment 5 for a 
control, not only of the metering pump 2, but also of the whole heating 
equipment 1, in particular also of the fan motor 3 and of the ignition device 
4. 

The electrical behavior is detected here in the form of a characteristic 
course of the signal of the coil current 13. 

The course of the signal is characterized, in particular, by a 
characteristic slope of the rising flank F and of the level N, which is/ are 
associated with a solid or liquid pumping medium. 

If a liquid medium is present, the temperature T of the medium is 
determined in addition, and the viscosity of the pumping medium is also 
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determined in an evaluation in the form of a bit pattern Ml, e.g. for diesel 
fuel or PME, using a set of medium parameters K laid down in the control 
equipment 5, with a temperature rise detection. 

The bit pattern Ml is then fed to the microprocessor 14 for an 
adjustment of the heating equipment parameter P in order to carry out 
driving 10 of the metering pump 2 via the control device 7, driving 11 of 
the fan motor 3 via the control device 8, and/ or driving of the ignition 
device 4 via the control device 9. 

If the evaluation logic of the signal detector 6 finds GAS as the 
medium, and if in particular a gaseous medium such as AIR is present, the 
bit pattern M2 for gas or air is fed to the microprocessor 14 for driving the 
metering pump 2, the fan motor 3, and/ or the ignition device 4, 
corresponding to the gas or the air, in order to initiate, e.g., an accelerated 
forwarding by the metering pump 2 when air is detected. 

It should be remarked in addition that independently patentable 
features contained in the dependent claims are to have corresponding 
protection of their own, regardless of their formal relationship back to the 
main claim. In the remaining cases, all the inventive features contained in 
the whole application documents fall within the protective range of the 
invention. 
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PATENT CLAIMS (AMENDED) 

1. Electrically operated fuel metering pump (2) of a heating equipment 
(1), particularly a water heating equipment in the form of booster 
heating means or standstill heating means of a motor vehicle, with a 
control equipment (5) for the drive of the metering pump and if 
necessary of the heating equipment, 

wherein 

hydraulic/ pneumatic states (Z) and parameters (F, N) of the fuel 
medium are detected in a signal detector (6) by means of the 
electrical behavior of the fuel metering pump (2), and are evaluated 
in the control equipment (5) for the control of the metering pump (2) 
and if necessary of the heating equipment (1), particularly of the fan 
motor (3) and/ or the ignition device (4). 

2. Fuel metering pump according to claim 1, wherein the metering 
pump (2) includes as drive means an electric motor or an 
electromagnetic coil with armature and pump piston as the medium 
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forwarding means and the electrical behavior is detected in the form 
of a characteristic course of the motor signal or coil current signal. 

3. Fuel metering pump according to claim 2, wherein the course of the 
signal is in particular distinguished by a characteristic slope of the 
rising flank (F) and/ or a characteristic level (N) or plateau, which 
is/ are associated with a solid or liquid pumping medium and/ or the 
viscosity of a pumping medium (gas/ air, fuel, oil). 

4. Fuel metering pump according to claim 3, wherein a set of medium 
parameters (K) is laid down in the control equipment (5). 

5. Fuel metering pump according to claim 4, wherein the set of medium 
parameters (K) includes a set of temperature slope parameters. 

6. Fuel metering pump according to claim 4 or 5, wherein the set of 
medium parameters (K) is in particular designed for diesel fuel 
and/ or PME as the medium. 

7. Process for the control of a heating equipment with an electrically 
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operated fuel metering pump (2), particularly of a water heating 
equipment in the form of booster heating means or standstill heating 
means of a motor vehicle, with a control equipment (5) for the drive 
of the metering pump and if necessary of the heating equipment, 
according to one of claims 1-6, 
wherein 

hydraulic/ pneumatic states (Z) and parameters (F, N) of the fuel 
medium are detected in a signal detector (6) of the control equipment 
(5) by means of the electrical behavior of the fuel metering pump (2), 
particularly by means of the course of the current, and are evaluated 
in the control equipment (5), in which medium parameters (K) and 
heating equipment parameters (P), particularly ignition parameters, 
are laid down, for a detection of the medium, and are in particular 
used for an adjustment or corrective drive (10) of the metering pump 
(2) and/ or an adjustment or corrective drive (11) of the fan motor (3) 
and/ or a corrective drive (12) of the ignition device (4) or adjustment 
of the ignition parameters of the heating equipment (1). 
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KEY TO THE FIGURE 

Decision step Z: "liquid" 
output M2: "nein" = "no" 
output: "ja" = "yes". 
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Abstract of the Disclosure 
An electric fuel metering pump of a heating device, especially a water 
heating device in the form of an auxiliary heater or an independent heating 
device of an automobile, has a control device for controlling the metering 
pump and optionally the heating device. Hydraulic/pneumatic states (Z) and 
parameters (F, N) of the fuel medium are detected in a signal detector by the 
electrical behavior of the fuel metering pump, especially the flow rate, and 
evaluated in the control device for regulating the metering pump and 
optionally the heating device, especially a fan motor and an ignition device. 
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